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Abstract: We examined the effects of daily melatonin (Mel) infusions in pinealectomized prepubertal
male Siberian hamsters in three different conditions. In one study we investigated the body weight
maturation response to one hour daily infusions of 10 ng, 25 ng, or 50 ng of Mel in pinealectomized
hamsters. Animals received, at day 15 of life, programmed subcutaneous infusions of Mel or vehicle
at one of five time points (1900-2000, 2000-2100, 2100-2200, 2400-0100, and 0300-0400
hours) for 30 days. In long-day-born (16L) animals, Mel infusion right after lights off (2000-2100
hours) significantly inhibited body growth; this dose was ineffective at other times. Doses of 10 ng
and 25 ng Mel were ineffective at all time points. In a second study, hamsters received either 4-or
8-h infusions of Mel (either 50 ng/h or 50 ng/day) at various times throughout the day and night of
a 16L or 10L photoperiod. Daily 4-h, 50 ng/h, Mel infusions at 1700-2100 hours inhibited body
weight growth in 16L and daily 4-h Mel infusions (either 50 ng/h or 50 ng/day) inhibited body weight
growth at 1700-2100 hours in 10L. In all cases, daily 8-h infusions suppressed body weight
development. In a third study, long-day-born pinealectomized hamsters were infused with two
signals of four hours separated by an interval of two hours. Mel infused groups had significantly
inhibited body growth compared to vehicle infused animals. Body weight development was maximally
inhibited only in those groups in which the period of Mel sensitivity was identified in the first study
(2000-2100 hours) overlapped or immediately followed a period of Mel infusion These results show
that the photoperiodic body weight response in juvenile Siberian hamsters is regulated by the
coincidence in time of exogenously administered Mel with an intrinsic rhythm of sensitivity to Mel,
and the duration of the Mel signal alone cannot explain the results.
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Pinealektomili Juvenil Sibirya Hamsterlerinde (Phodopus sungorus)
Fotoperiyot ve Melatonin ‹nfüzyonlar›n›n Vücut A¤›rl›¤› Üzerine Etkileri
Özet: Pinealektomili, püberte öncesi erkek Sibirya hamsterlerinde günlük melatonin (Mel)
infüzyonlar›n›n etkilerini üç ayr› çal›flmada inceledik. Birinci çal›flmada hamsterlerin vücut a¤›rl›k
geliflimlerinin, 10 ng, 25 ng ve 50 ng, günlük bir saat Mel infüzyonlar›na verdi¤i cevab› araflt›rd›k.
Hayvanlar 15 günlük iken pineal bezleri al›n›p befl gruba ayr›ld›. 30 gün süre boyunca her gruba farkl›
zamanlarda (19:00-20:00, 20:00-21:00, 21:00-22:00, 24:00-01:00 ve 03:00-04:00 saat) olmak
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üzere deri alt›na programlanm›fl infüzyon ile Mel ya da arac›s› verildi. Uzun gün (16L) do¤umlu
hayvanlarda, ›fl›klar kapand›ktan hemen sonra (20:00-21:00 saat) yap›lan Mel infüzyonu, vücut
a¤›rl›klar›n›n art›fl›n› inhibe etti; bu doz di¤er gruplarda etkili de¤ildi. 10 ng ve 25 ng Mel dozlar› test
edilen tüm gruplarda etkili olmad›. ‹kinci çal›flmada hamsterlere 16L ya da 10L fotoperiyodunda,
de¤iflik zamanlarda 4 ya da 8 saat Mel infüzyonu yap›ld›. 16L’de günlük 4 saat, 17:00-21:00 saatleri
aras›ndaki 50 ng/saat Mel infüzyonu, 10L’de ise 17:00-2100 saatleri aras›nda günlük 4 saat
uygulanan gerek 50 ng/saat, gerekse 50 ng/gün Mel infüzyonu vücut a¤›rl›k geliflimini bask›lad›.
Bütün durumlarda günlük 8 saat Mel infüzyonlar› vücut a¤›rl›k geliflimlerini inhibe etti. Üçüncü
çal›flmada uzun gün do¤umlu, pinealektomili hamsterlere 2 saat ara ile kesintiye u¤ram›fl, 4 saatlik iki
sinyal ile infüzyon yap›ld›. Mel infüz edilmifl gruplar Mel arac›s› ile infüz edilmifl gruplara göre daha
az vücut a¤›rl›k art›fl› gösterdiler. Vücut a¤›rl›k gelifliminin infüz edilen Mel’e gösterdi¤i cevap sadece
Mel’in hassas oldu¤u periyot (20:00-21:00 saat) ile üstüste geldi¤inde ya da Mel infüzyon periyodunu
hemen takip etti¤i noktada gerçekleflmifltir. Sonuç olarak juvenil Sibirya hamsterlerinda fotoperiyodik
vücut a¤›rl›¤› cevab›, melatonine olan içsel ritm ile d›flar›dan verilen melatoninin rastlant›sal olarak
karfl›laflmas› ile gerçekleflmifltir ve tek bafl›na Mel süre sinyali bu sonuçlar› aç›klayamamaktad›r.
Anahtar Sözcükler: Vücut A¤›rl›¤›, ‹nfüzyon, Melatonin, Fotoperiyod, Pineal Bez, Hamster

Introduction
In many small rodents, such as Siberian hamsters (Phodopus sungorus), annual changes in
photoperiod are involved in seasonal cycles of body mass, reproductive activity (adults) and
reproductive development (juveniles), pelage color and thermoregulation. In the laboratory,
long photoperiods (16 h light/day) stimulate rapid growth and the early onset of sexual
maturation, while short photoperiods (8 h light/day) inhibit growth and delay the onset of
sexual maturation (1-3).
There is ample evidence that Mel synthesized within the pineal gland is a major factor in this
photoperiodic response (4-6). Mel synthesis and release show a circadian rhythm with
depressed levels during the daylight hours, increasing at about two hours after lights off and
remaining elevated throughout the dark until at or just before lights on (7). Pinealectomy
renders juvenile Siberian hamsters incapable of perceiving photoperiodic change and the body
mass and the gonads are maintained according to previous photoperiodic input (8-10).
Daylength is transduced into a neuroendocrine signal via photic regulation of the circadian
rhythm of Mel production. Although there is strong evidence of the importance of the Mel
rhythm in encoding daylength information, controversy exists in the literature concerning which
parameters of the Mel rhythm are the most important in this phenomenon (11, 12).
Two hypotheses have been proposed to explain the mechanism by which Mel acts to
transduce photoperiodic information. The first proposes that the duration of Mel production
and secretion signals daylength for the organism, and the duration of Mel production is
proportional to the duration of the dark phase; the longer the night, the longer the duration of
Mel production and secretion. In a series of experiments, Carter and Goldman (8, 9) attempted
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to identify which characteristics of the nocturnal Mel secretion profile are most important for
mediating photoperiod-induced changes in reproductive status and body weight in juvenile
Siberian hamsters. When juvenile pinealectomized hamsters at day 18 of life were infused with
10 ng Mel/day for 12 days, infusions of 12 hours’ duration inhibited body growth, whereas 4hour or 6-hour infusions failed to exhibit any inhibitory effect. The effects of long duration (12
h) and short duration (4 h or 6 h) infusions were independent of the time of day at which
infusions were administered. The investigators concluded that the growth actions of Mel are
dependent on the duration of the Mel signal. They also concluded that reproductive changes are
correlated closely with body weight response. In another set of experiments, 18-day-old
pinealectomized Siberian hamsters received daily 10 ng Mel infusions of several durations.
Durations were centered at the midpoint of the dark phase of the light/dark cycle. After 12 days
of treatment, males receiving 8, 10, or 12 hour Mel infusions failed to show testicular and body
weight development, whereas infusions of 4 or 6 hours duration promoted rapid testicular
development and increase in body weight. These infusion durations are similar to naturally
occurring durations of nocturnally elevated pineal Mel synthesis in juvenile hamsters housed
under stimulatory and inhibitory photoperiods (13). Thus, the authors concluded that the
results mimic the responses of pineal-intact hamsters transferred from long to short days (8).
The second hypothesis, the "coincidence hypothesis", proposes that reproductive responses
occur when Mel coincides in time with the sensitivity of the Mel target organ(s). Support for
this hypothesis derives from experiments involving timed daily injections of Mel in intact adult
Syrian hamsters (Mesocricetus auratus) (14), Turkish hamsters (Mesocricetus brandti) (15),
and Siberian hamsters (16) and pinealectomized adult Syrian hamsters (17, 18). The response
of gonads and body weights are often dependent upon the time of day Mel is administrated
(19). Therefore, in these experiments both the photoperiod and the time of day of the Mel
injection were important, and some aspect of the temporal pattern of pineal Mel secretion was
important to elicit photoperiodic responses.
The aim of the research described herein was to examine the effects of various durations of
Mel infusions on body weight development in juvenile Siberian hamsters. We performed a
detailed study of timed Mel infusions to test the validity of the duration and coincidence
hypotheses with a single Mel administration; we used infusion techniques to search for a
sensitive phase of Mel interaction with its target tissue sensitivity.

Materials and Methods
Animals and Housing: Juvenile Siberian hamsters (Phodopus sungorus) were used in this
experiment. All hamsters were born either under a long photoperiod (LD16:8 = 16L; lights on
from 0400 to 2000) or a short photoperiod (LD10:14 = 10L; lights on from 1000 to 2000).
Breeding pairs were housed on pine shaving bedding in plastic cages. Hamsters were designated
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1 day of age on their day of birth. Pups were kept with their mothers in plastic cages until 15
days of age. Litters were weaned at 15 days of age and hamsters weighing 11-16 g from
different mothers were randomly distributed throughout all experimental groups. Experimental
treatment began with hamsters at 15 days of age. Hamsters received tap water and food ad
libitum. Room temperature was maintained at 22±1ºC and all lighting was provided by coolwhite fluorescent tubes; light intensities at the animal’s eye level exceeded 200 lux. Before
surgery, hamsters were anesthetized intraperitoneally with pentobarbitol (32.5 mg/kg BW) and
subcutaneously with ketamine (20 mg/kg BW; Sigma Chemical Company, St. Louis, MO, USA).
Pinealectomy: Pinealectomy of 15-day-old hamsters was performed according to the
method of Hoffman and Reiter (20).
Cannulation: Cannulation of the animals for infusion was performed following the
technique used by Carter and Goldman (8, 9) using a 60 cm length of polyethylene tubing.
Infusions: Infused animals were housed singly in plastic cages. The proximal end of the
cannula was placed into a plastic vial, which was secured to a swivel fixed to a bar hung on the
top of the cage. A small hole was drilled in this vial through which the cannula was passed and
loosely knotted above to prevent it from becoming too slack. The swivel was connected, via a
polyethylene tube (PE-20), to a 1-ml syringe filled with either vehicle alone or a vehicle:Mel
solution. To aid refilling of the syringes during the experiments, a three-way stopcock was
inserted between each syringe and 25-gauge needle. The syringes were mounted onto an
infusion pump, which was modified to deliver fluid to 10 animals simultaneously through 10
separate 1-ml syringes. An electronic timer controlled the pumps so that infusions of controlled
duration could be administered at specific times of the day. The infusion flow rate was 0.12
ml/h. Syringes were refilled every day just before the infusion started. The infusion apparatus,
including the syringes pump and polyethylene tubes up to flow-through swivels, were covered
with aluminum foil as a precautionary measure against light exposure and subsequent
degradation of melatonin. Cannulas were checked at least twice daily and replaced when
necessary.
Melatonin Solutions: Mel solutions were made by dissolving crystalline Mel in 100%
ethanol and diluting this mixture in sterile saline (0.9% NaCl) to the desired concentrations.
Stock solutions were kept at 4ºC prior to use. The stock was diluted with sterile saline to the
desired concentrations in order to make fresh working Mel solutions. Vehicle solutions were
made in the ratio of one part absolute ethanol to 1000 parts sterile saline. Each animal was
infused with vehicle or Mel in vehicle at a volume of 0.12 ml/h. Mel concentrations used were
10 ng, 25 ng, or 50 ng, per hour or per day.
STUDY 1
Experiment 1 This experiment was designed to determine effective Mel doses and effective
time points for Mel to be infused. Three different doses of Mel were infused at five different
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time points throughout the day into 15-day-old pinealectomized prepubertal Siberian hamsters.
This age was chosen because the photoperiodic testicular and weight gain response of the
prepubertal Siberian hamster is manifested after 15 days of age (21). This species was also
chosen because of the rapid rate at which it matures after birth under appropriate
photoperiodic conditions.
Prepubertal Siberian hamsters born and raised in 16L were pinealectomized at 15 days of
age, weighed and infused with 10 ng, 25 ng or 50 ng Mel for 1 h at one of five different time
points (1900-2000, 2000-2100, 2100-2200, 2400-0100 or 0300-0400 hours) of the 16L
photoperiod. Control groups received vehicle infusions at the same time points. Infusion
continued until 45 days of age when all animals were weighed and final body weights were
determined.
Experiment 2 The aim of this experiment was to test whether the Mel-sensitive time point
(2000-2100) identified in the previous experiment in animals with a long photoperiod (16L)
would change (i.e., be phase shifted) with a short photoperiod (10L). Ten groups of short-dayborn and raised juvenile hamsters were pinealectomized at 15 days of age and infused with 50
ng/h Mel or vehicle at one of five different time points (1900-2000, 2000-2100, 2100-2200,
2400-0100 or 0300-0400 hours) of a 10L photoperiod for 30 days. At 45 days of age, all
hamsters were weighed and final body weights were determined.
Experiment 3 This experiment was designed to investigate whether the prenatal
photoperiod affects the responsiveness of developing hamsters to Mel signals of fixed durations
experienced during the postweaning period. Thus, hamsters exposed to 10L during gestation
were pinealectomized at 15 days of age, transferred to 16L and treated with daily Mel or
vehicle infusions of a duration of 1 hour at four different time points (1900-2000, 20002100, 2400-0100 or 0300-0400 hours). Body weight responses to this treatment were
examined.
Experiment 4 The aim in this experiment was the same as in experiment 3, which was to
investigate whether the prenatal photoperiod affects the responsiveness of developing hamsters
to Mel signals of fixed durations experienced during the postweaning period. But in this study,
juvenile hamsters retained their pineal glands.
STUDY 2
These experiments extended our test of both hypotheses through the use of 4-h and 8-h
durations of Mel infusions on body weight development of juvenile Siberian hamsters.
Experiment 5 Prepubertal Siberian hamsters born and raised in 16L were pinealectomized
at 15 days of age. They received either 4- or 8-hour infusions of Mel, either 50 ng/h or 50
ng/day. 4-h Mel infusions were given at 2000-2400, 2400-0400 or 1700-2100 hours and 8h Mel infusions were given at 2000-0400 or 0900-1700 hours.
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a) 4-h 50 ng/h Mel infusions; 2000-2400/2400-0400/1700-2100
b) 4-h 50 ng/day (12.5 ng/h) Mel infusions; 2000-2400/2400-0400/1700-2100
c) 8-h 50 ng/h Mel infusions; 2000-0400/0900-1700
d) 8-h 50 ng/day (6.25 ng/h) Mel infusions; 2000-0400/0900-1700
Control groups received vehicle infusions at the same time points. Infusions continued until
animals reached 45 days of age and then all animals were weighed and body weights were
determined.
Experiment 6 The aim in this experiment was to examine whether pinealectomized juvenile
hamsters, born and raised in 10L, would generate different body weight responses to 4- or 8h Mel infusions in a short photoperiod. Adult females were transferred from long to short
photoperiod two weeks prior to pairing with males to allow them to entrain to the new
photoperiod before breeding. After two weeks each female was paired with an unoperated
male that had been housed in 16L. Animals remained paired for several days after mating
occurred and then all males were transferred back to the long photoperiod. From the day of
parturition, litters were kept in 10L with their mothers until 14 days of age. Prepubertal
Siberian hamsters were pinealectomized at 15 days of age and infused with Mel for either 4 or
8 hours at a dose of either 50 ng/h or 50 ng/day. The infusions were given at the same time
points as in Experiment 5.
STUDY 3
Experiment 7 In this experiment, we tested whether each long duration of Mel signal had
to be continuous to be effective for inhibiting body weight gain, as demonstrated by Goldman
et al. (9), who concluded that the continuity of the long duration of Mel infusion is an important
criterion in the delivery of inhibitory Mel signals. Our specific aim in this experiment was to test
whether the efficacy of two pulses of Mel was dependent on the time of infusion. Since our
previous experiments had identified a time of Mel sensitivity important for transmission of
photoperiodic information, we designed the Mel infusion paradigms used here so that the first
of the two 4-h Mel pulses ended just before or after that sensitive time point (2000-2100
hours). Long-day-born prepubertal Siberian hamsters were pinealectomized at 15 days of age;
three groups were infused in different conditions. The first group received 2 signals of 4 h
each, separated by an interval of 2 hours; the first signal was from 1500 to 1900 hours and
the second signal was from 2100 to 0100 hours. In the second group the first signal was from
1600 to 2000 hours and the second signal was from 2200 to 0200 hours, and in the last
group the first signal was from 1700 to 2100 hours and the second signal was from 2300 to
0300 hours. Infusions continued for 30 days until the animals were 45 days old, at which point
they were weighed and body weights were determined. Control groups received vehicle
infusions at the same time points.
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Statistical Analysis: Body weights were analyzed using two-way analysis of variance
(ANOVA; SPSS, Version 7.5) for the effect of dose, time and all interactions. Differences
between groups within a treatment type were determined with a least-squares means test;
means were considered significantly different if p<0.05. Data are presented as Mean SEM after
back transforming from ANOVA results.
Results
STUDY 1
Experiment 1 The results of this experiment showed that body weights in the 10 ng and
25 ng groups were not significantly different from those in the 50 ng groups at 1900-2000,
2100-2200, 2400-0100, and 0300-0400 hours (Table 1), or from those of the control
groups at each corresponding time point (Fig. 1). Animals receiving a 50 ng/h Mel infusion at
lights off (2000-2100 hours) had significantly inhibited body growth (p<0.0001) while the
body growth of animals in all other groups was not affected (Fig. 1). These results suggest that
the circadian phase of secretion of Mel appears to be critical for Mel actions in mediating the
effects of daylength. This effect appears to be dose and time dependent in pinealectomized
juvenile Siberian hamsters.
Experiment 2 Body weight development was suppressed in all groups to an equal, and
apparently maximal, extent (Fig. 2A), suggesting that the effect, if any, of Mel infusions was
masked by prenatal photoperiodic information received from the mothers during gestation
(Table 2).
Experiment 3 For hamsters gestated in 10L, the body weights of animals receiving a 1hour daily Mel infusion at all time points were not significantly different from the body weights
of animals receiving daily vehicle infusions at the same time points (Table 3, column A) (Fig.2B).
Experiment 4 For hamsters gestated in 10L and raised in 16L, body weight development
was significantly retarded only in animals infused with Mel at 2000-2100 hours (Table 3,
column B). Body weights of the animals of this group were significantly smaller (p<0.0001)
than those of animals of all other groups in this experiment (Fig. 3).
Experiment 5 Daily 4-h Mel infusions at 1700-2100 hours at a dose of 50 ng/h
significantly retarded body weight development (p<0.0001), while infusions at other times and
doses were no more effective than vehicle infusions (Table 4, column A) (Fig. 4). Daily 8-h Mel
infusions suppressed body weight gain in 16L, irrespective of dose or time of administration
(Fig. 5).
Experiment 6 4-h Mel infusions administered from 2000 to 2400 hours and from 2400
to 0400 hours promoted body weight development at both doses tested (p<0.0001) (Table 4,
column B). Mel administered at the effective time identified in the previous experiment (in 16L
animals) was without effect in the 10L animals of this experiment; suppression of body weight
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Table 1.

Effect of time of day and duration of Mel infusion on body weight growth in pinealectomized juvenile
Siberian hamsters born and raised in 16L.
n= the number of animals per group.

Infusion
Time

Rate of
Malatonin
Infusion
(gn/h)

Initial Body
Weights(g)
Day 15
(Mean ± SEM)

Final Body
Weights(g)
Day 45
(Mean ± SEM)

1 (vehicle)
1
1

1900-2000
1900-2000
1900-2000

0.0
10
25

10
10
10

13.5 ± 0.20
12.0 ± 0.18
11.5 ± 0.16

33.3 ± 0.27
34.0 ± 0.31
31.5 ± 0.30

1

1900-2000

50

10

12.8 ± 0.18

33.8 ± 0.32

1 (vehicle)
1
1
1

2000-2100
2000-2100
2000-2100
2000-2100

0.0
10
25
50

10
10
10
10

13.0
13.0
15.5
15.0

±
±
±
±

0.23
0.22
0.25
0.23

31.2
34.0
34.0
22.9

±
±
±
±

0.27
0.29
0.29
0.20

1 (vehicle)
1
1
1

2100-2200
2100-2200
2100-2200
2100-2200

0.0
10
25
50

10
10
10
10

13.8
14.0
14.0
12.5

±
±
±
±

0.17
0.18
0.19
0.23

34.6
34.5
32.2
30.9

±
±
±
±

0.35
0.34
0.36
0.33

1 (vehicle)
1
1
1

2400-0100
2400-0100
2400-0100
2400-0100

0.0
10
25
50

10
10
10
10

12.6
11.0
16.0
14.3

±
±
±
±

0.19
0.17
0.21
0.19

34.0
33.2
35.2
34.4

±
±
±
±

0.29
0.28
0.35
0.33

1 (vehicle)
1
1
1

0300-0400
0300-0400
0300-0400
0300-0400

0.0
10
25
50

10
10
10
10

16.0
15.5
11.0
12.2

±
±
±
±

0.20
0.17
0.16
0.16

34.0
32.6
31.0
33.1

±
±
±
±

0.30
0.27
0.29
0.30

Infusion
Duration (h)

n

gain was no different from that observed in the vehicle infused groups (Fig.6). Daily 8 hour Mel
infusions were without effect in further suppressing body weight development beyond the
extent accomplished by the 10L gestational photoperiod (Fig. 7).
Experiment 7 Animals infused with two Mel signals of 4 hours each, separated by an interval
of 2 hours (1500-1900//2100-0100 hours), did not demonstrate any slower body growth rate
as compared to the vehicle controls (Fig. 8). In the other two infusion groups, interrupted Mel
infusions completely suppressed body growth (p<0.0001). All vehicle-infused animals had
heavier body weights (P<0.0001) compared to Mel infused groups at the same time points
(Table 5).
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10 ng mel

BODY WEIGHTS (g)

LD16:8
40

—

30

—

Figure 1.

25 ng mel
50 ng mel

*
20

—

10

—

0
1900-2000 1900-2000 1900-2000 1900-2000 1900-2000

INFUSION TIME

Table 2.

Effect of 1-h Mel infusion on
body weight development in
pinealectomized
juvenile
Phodopus born and raised in
16L.
Body
weights
(Mean±SEM, n=10/group) are
shown for designated groups
after 30 days of infusion with
vehicle or different doses of
Mel (10 ng, 25 ng, or 50 ng)
delivered for 1 h at designated
time points throughout the
day. All controls were
combined into one group.
Two-way ANOVA showed that
time and dose significantly
(p<0.0001) affected body
maturation. An asterisk (*)
indicates a value different from
all other groups in this
experiment. The black bar
indicates the dark phase.
Vertical lines represent SEM.

Effects of 1 hour Mel infusion on body weight development in pinealectomized juvenile Siberian hamsters
born and raised in 10L.
n= the number of animals per group.

Infusion
Duration (h)

Infusion Time

Rate of Melatonin
Infusion (ng/h)

n

Final Body Weights (g)
Mean ± SEM

1 (vehicle)
1

1900-2000
1900-2000

0.0
50

10
10

24.5 ± 0.20
25.0 ± 0.18

1 (vehicle)
1

2000-2100
2000-2100

0.0
50

10
10

25.2 ± 0.21
24.3 ± 0.19

1 (vehicle)
1

2100-2200
2100-2200

0.0
50

10
10

22.9 ± 0.27
23.5 ± 0.25

1 (vehicle)
1

2400-0100
2400-0100

0.0
50

10
10

24.4 ± 0.23
25.1 ± 0.22

1 (vehicle)
1

0300-0400
0300-0400

0.0
50

10
10

24.8 ± 0.24
23.9 ± 0.26
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vehicle
40

—

30

—

20

—

10

—

50 ng mel

BODY WEIGHTS (g)

LD10:14

0
1900-2000 2000-2100 2100-2200 2400-0100

0300-0400

INFUSION TIME
40

—

30

—

20

—

10

—

Figure 2.

Effects of 1-h Mel infusion on
body weight development in
pinealectomized
juvenile
Siberian hamsters born and
raised in 10L (2A, Experiment
2) or born in 10L and raised in
16L (2B, Experiment 3). Body
weights are shown following
30 days of Mel (50 ng/h) or
vehicle infusions at designated
time points. An asterisk (*)
indicates
a
significant
difference (p<0.05). Black
bars indicate dark phase. All
values are shown as the Mean
± SEM.

LD16:8

0
1900-2000

2000-2100

2400-0100

0300-0400

INFUSION TIME

Discussion
Although the dramatic decrease in body weight and change in body composition shown by
Siberian hamsters in response to a decrease in photoperiod has been well documented (1,4,2225), the physiological mechanisms (e.g., response to infusion) have not been determined. The
seasonal body mass changes observed in many other small mammals are considered to be
adaptive in that they result in the loss of body weight during the times of the year when food
availability is minimal. Seasonal changes in body weight and the daily torpor in Siberian
hamsters can be altered by treatment with melatonin, suggesting that pineal melatonin may be
involved in the normal regulation of these photoperiodic events (4). In the present experiments,
the specific roles of photoperiod and the short duration of Mel infusion were examined.
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Table 3.

Effects of 1 hour Mel infusion on body weight development in pinealectomized juvenile Siberian hamsters
born in 10L and raised in 16L (Column A) or effects of 1 hour Mel infusion on body weight development
in intact juvenile Siberian hamsters born in 10L and raised in 16L (Column B).
n= the number of animals per group.

Infusion Time

Rate of Melatonin
Infusion (ng/h)

n

-AFinal Body Weights (g)
Mean ± SEM

-BFinal Body Weights (g)
Mean ± SEM

1 (vehicle)
1

1900-2000
1900-2000

0.0
50

10
10

23.0 ± 0.29
24.1± 0.27

29.9 ± 0.43
31.1 ± 0.30

1 (vehicle)
1

2000-2100
2000-2100

0.0
50

10
10

22.9 ± 0.30
24.4 ± 0.25

30.4 ± 0.29
20.1 ± 0.30

1 (vehicle)
1

2400-0100
2400-0100

0.0
50

10
10

25.0 ± 0.23
24.3 ± 0.20

32.2 ± 0.34
31.8 ± 0.29

1 (vehicle)
1

0300-0400
0300-0400

0.0
50

10
10

25.0 ± 0.21
22.9 ± 0.28

31.0 ± 0.30
31.6 ± 0.28

Infusion
Duration (h)

40

LD16:8

—

vehicle

BODY WEIGHTS (g)

50 ng mel

30

—

20

—

10

—

*

0
1900-2000

2000-2100

2400-0100

Figure 3.

Effects of 1-h Mel infusion on
body weight development in
intact
juvenile
Siberian
hamsters born in 10L and
raised in 16L. Body weights
are shown for 45-day-old
intact
juvenile
Siberian
hamsters treated with Mel or
vehicle. Intact animals were
infused daily with 50 ng/h Mel
or vehicle from 15 days of age
in 16L. All animals were
weighed at 45 days of age. An
asterisk (*) indicates a
significant
difference
(p<0.005) from all other
groups of the experiment. The
black bar indicates the dark
phase. All values are shown as
the Mean ± SEM.

0300-0400

INFUSION TIME
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Table 4.

Effects of Mel infusion (50 ng/hr or 50 ng/day) on body growth in pinealectomized juvenile Siberian
hamsters born and raised in 16L (Column A) or born and raised in 10L (Column B).
n= the number of animals per group.

Infusion Time

Rate of Melatonin
Infusion (ng/h)

n

-AFinal Body Weights (g)
Mean ± SEM

-BFinal Body Weights (g)
Mean ± SEM

8 (vehicle)
8
8

2000-0400
2000-0400
2000-0400

0.0
50
6.25

10
10
10

36.2 ± 0.29
24.4 ± 0.25
25.3 ± 0.22

24.1 ± 0.75
22.4 ± 0.84
21.1 ± 0.55

8 (vehicle)
8
8

0900-1700
0900-1700
0900-1700

0.0
50
6.25

10
10
10

35.4 ± 0.32
23.0 ± 0.22
24.1 ± 0.26

24.1 ± 0.48
25.1 ± 0.68
20.7 ± 0.34

4 (vehicle)
4
4

2000-2400
2000-2400
2000-2400

0.0
50
12.5

10
10
10

33.9 ± 0.28
36.1 ± 0.30
35.0 ± 0.26

24.2 ± 0.38
36.2 ± 0.54
33.1 ± 0.64

4 (vehicle)
4
4

2400-0400
2400-0400
2400-0400

0.0
50
12.5

10
10
10

34.0 ± 0.28
35.2 ± 0.27
36.1 ± 0.25

24.1 ± 0.37
34.4 ± 0.49
37.0 ± 0.55

4 (vehicle)
4
4

1700-2100
1700-2100
1700-2100

0.0
50
12.5

10
10
10

37.1 ± 0.32
26.3 ± 0.25
36.3 ± 0.30

23.2 ± 0.40
25.0 ± 0.60
22.3 ± 0.72

Infusion
Duration (h)

vehicle
50 ng/h mel

BODY WEIGHTS (g)

LD16:8
40

—

30

—

50 ng/day mel

*

20

—

10

—

0
2000-2400

2400-0400

INFUSION TIME

312

1700-2100

Figure 4.

Effects of 4-h Mel infusion on
body weight gain in juvenile
Siberian hamsters born and
raised in 16L. Body weights
are shown following 2 weeks
of Mel (50 ng/h or 50 ng/day)
or vehicle infusions at three
different time points (20002400, 2400-0400 or 17002100 hours). As there were no
differences among the control
groups, all vehicle-infused
animals were combined into
one group. An asterisk (*)
indicates
significant
differences (p<0.05). All
values are shown as the Mean
± SEM.
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vehicle
LD16:8
40

—

BODY WEIGHTS (g)

—

20

—

10

—

Effects of 8-h Mel and vehicle
infusions on body weight gain
in juvenile hamsters born and
raised in 16L. Body weights
are shown following 2 weeks
of Mel (50 ng/h or 50 ng/day)
or vehicle infusions at two
different time points (20000400 or 0900-1700 hours).
An asterisk (*) indicates
significant
differences
(p<0.05). All values are shown
as the Mean ± SEM.

Figure 6.

Effects of 4-h Mel infusion on
body weight gain in juvenile
Siberian hamsters born and
raised in 10L. Body weights
are shown following 2 weeks
of Mel (50 ng/h or 50 ng/day)
or vehicle infusions at three
different time points (20002400, 2400-0400 or 17002100 hours). Similar letters
are statistically identical
(p>0.05). All values are shown
as the Mean ± SEM.

50 ng/day mel

*

30

Figure 5.

50 ng/h mel
*

0
2000-0400

0900-1700

INFUSION TIME

vehicle
50 ng/h mel

LD10:14

50 ng/day mel
40

—

a

a
a

a

BODY WEIGHTS (g)

30

—

b

20

—

10

—

b

b

b

b

0
2000-2400

2400-0400

1700-2100

INFUSION TIME
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40

LD10:14

—

Figure 7.

Effects of 8-h Melatonin
infusion on body weight gain
in juvenile Siberian hamsters
born and raised in 10L. Body
weights are shown following 2
weeks of Mel (50 ng/h or 50
ng/day) or vehicle infusions at
two different time points
(2000-0400 or 0900-1700
hours). All values are shown as
the Mean ± SEM.

Figure 8.

Effects of twice daily Mel
infusion on body weight
growth. Body weights are
shown following 2 weeks of
twice daily Mel (50 ng/h) or
vehicle infusions at selected
time
points
(15001900//2100-0100, 16002000//2200-0200,
and
1700-2100//2300-0300
hours). Similar letters are
statistically identical (p>0.05).
All values are shown as the
Mean ± SEM. 15001900//2100-0100,
for
example, indicates 4-h Mel
infusion, or vehicle infusion
(1500-1900 hours), followed
by 2 h without treatments,
followed by a 4-h Mel or
vehicle infusion (2100-0100
hours).

vehicle
50 ng/h mel

BODY WEIGHTS (g)

50 ng/day mel
30

—

20

—

10

—

0
2000-0400

0900-1700

INFUSION TIME

vehicle
LD16:8
40

—

50 ng mel/h
a

a

a
a
BODY WEIGHTS (g)

30

—

b
b

20

—

10

—

0

1500-1900//
2100-0100

1600-2000//
2200-0200

INFUSION TIME
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1700-2100//
2300-0300
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Table 5.

Effects of twice daily Mel infusions on body weight development of long-day-born pinealectomized juvenile
Siberian hamsters.
n= the number of animals per group. 4h-2h-4h indicates that on each day the animals received a 4-h Mel
infusion, followed by 2 h without treatment, followed by a 4-h Mel infusion.

Infusion
Duration (h)

Infusion Time

Rate of
Malatonin
Infusion
(gn/h)

n

Initial Body
Weights(g)
Day 15
(Mean ± SEM)

4h-2h-4h (vehicle)

1500-1900// 2100-0100

0.0

10

35.0 ± 0.60

4h-2h-4h

1500-1900// 2100-0100

50

10

30.1 ± 0.73

4h-2h-4h (vehicle)

1600-2000// 2200-0200

0.0

10

37.5 ± 0.45

4h-2h-4h

1600-2000// 2200-0200

50

10

23.3 ± 0.36

4h-2h-4h (vehicle)

1700-2100// 2300-0300

0.0

10

36.4 ± 0.55

4h-2h-4h

1700-2100// 2300-0300

50

10

24.9 ± 0.39

The most significant result obtained from the present study is the demonstrated inhibitory
effect of a short duration (1-h) Mel infusion on body weight gain of juvenile Siberian hamsters.
This effect is dose and time dependent; i.e. only 50 ng of Mel infused between 2000 and 2100
hours was effective. All other doses used at all time points investigated and the effective dose
administrated at any time other than 2000-2100 hours failed to alter the rate of body weight
gain in young Siberian hamsters.
Experiments have shown that exogenous Mel influences body weights. Daily injections of
Mel cause long day-housed Syrian and Siberian hamsters to increase and decrease, respectively,
in body mass (23). In both cases, the changes reflect those seen naturally during the transition
from summer to winter. Administration of Mel via infusions of short or long duration into
pinealectomized Siberian hamsters results in changes in body mass that mimic those seen after
transfer of intact animals to long and short photoperiods, respectively (26). For example, a 46-h daily infusion of Mel in doses ranging from 10 ng to 5000 ng always stimulated body
weight gain of the juvenile or maintained the body mass of the adult. On the other hand, daily
8-h infusions of Mel always inhibited body weight gain and gonadal development of juveniles or
caused gonadal atrophy and drop in body weight of long-day-housed adult animals (8, 9, 26).
The stimulatory effect of daily Mel infusions of any duration less than 6 hours on body weight
gain in pinealectomized Siberian hamsters is not supported by the present data. The
demonstration that a daily one-hour Mel infusion, right after lights off (2000-2100 hr), and
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only at this time, had an inhibitory (Fig. 1), not stimulatory effect on body weight gain in
pinealectomized juvenile Siberian hamsters, cannot be explained by the duration hypothesis.
Subsequent experiments supported this initial finding (Fig. 3). We find it interesting that at all
infused time points body weight gain was minimal in pinealectomized hamsters born and raised
in 10L (Fig. 2A); this can be explained by the interactions of a) short photoperiod perceived by
the mothers during gestation, b) the lack of a functional pineal gland during days 15-45 of life,
and c) the Mel infusion at each particular time point. In the absence of a pineal gland, for
example, testicular development proceeds at a rate dictated by the photoperiod experienced by
the mother during gestation (27, 28); in this case, 10L is a short (inhibitory) photoperiod so
the expected response of all animals was arrested body weight gain. Since a 1-h daily Mel
infusion at 2000-2100 hours inhibits body weight gain, and since infusions of similar duration
at all other times are ineffective (Fig. 1), one would expect an additive effect of the short day
signal from the mother and the short day signal from the infusion (at 2000-2100 hr) or no
effect of this infusion (at all other times) and again, the prediction is arrested body weight gain
in all animals. An identical prediction was made from animals transferred at birth to 16L (Fig.
2B); since the gestational photoperiod was inhibitory and since the young were pinealectomized
at 15 days of age, body weight gain would proceed at a rate dictated by gestational
photoperiod, and infusions (one hour) of Mel either would be without effect or would enhance
arrested body weight (compare Fig. 2A and Fig. 2B). In order to distinguish between the effects
of gestational photoperiod and one hour Mel infusions, pineal-intact juvenile Siberian hamsters
born in 10L (therefore receiving an inhibitory signal = short day signal, from their mothers)
and raised in 16L (stimulatory = long day signal) received 1-h infusions of Mel (50 ng) or
vehicle from 15-45 days of age. Body weight gain was inhibited only in those hamsters
receiving Mel at 2000-2100 hours (Fig. 3). Clearly photoperiodic history (during gestation) has
an effect on the extent of body weight gain in vehicle infused animals and in pinealectomized
Mel infused animals that receive Mel at a time when they are sensitive to it (2000-2100 hours);
Mel (1 h infusion) is without effect at any other time (Fig. 1, Fig. 2B).
Other interesting results derive from experiments employing 4-h Mel infusions. When
Carter and Goldman (9) infused Mel daily for 4 hours into juvenile Siberian hamsters, infusions
did not inhibit, but did enhance, gonadal development and body weight gain, and, therefore,
the effects of those infusions were not thought to depend on the time of day at which Mel was
administered. A comparison of the infusion paradigms used by Carter and Goldman (9) and in
the present investigation shows that the stimulatory effects of 4-h Mel infusions were obtained
in both studies when Mel was administered at comparable times. Their failure to observe body
growth inhibition with the same duration infusion appears to rest solely on the fact that they
did not infuse animals during their sensitive phase (i.e. lights out to one h after lights out),
while we did so in the present study (Fig. 4). The finding that 1-h melatonin infusions at 20002100 hours (Fig. 1), 50 ng/h, and 4-h Mel infusions at 1700-2100 hours, 50 ng/h (Fig. 4)
inhibit body weight growth in 16L animals, and that 4-h Mel infusions at 1700-2000 hours,
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50 ng/h or 50 ng/day fails to enhance body weight growth in 10L animals (Fig. 6), is explicable
only in terms of the coincidence model. The data from animals receiving daily 4-h Mel infusions
at 2000-2400 or 2400-0400 hours, however, do not eliminate the possibility of duration
control. However, taken in their entirety, the inhibitory effect of 50 ng/h Mel infusion at 17002100 hours in 16L (Fig. 4), the apparent inhibitory effect of the same infusion in 10L (Fig. 6),
and the stimulatory effects of the same dose at 2000-2400 or 2400-0400 hours (Fig. 6, Fig.
4) cannot be explained in terms of the duration hypothesis.
Our data suggest that the time in the animals’ day that Mel is received and not the duration
of the infusion is the critical factor in dictating the animal’s photoperiodic response. We found
that a dose of 50 ng/h infused over a 4-h period daily produced an inhibitory effect on body
weight development only when the infusion occurred at 1700-2100 hours either in 16L (Fig.
4) or in 10L (Fig. 6). Interestingly, the fact that the only difference in the 4-h infusion (17002100 hours) data was that in animals gestated and raised on short days (10L) a daily infusion
of 50 ng/day gave the same results as an infusion of 50 ng/h (Fig. 6), suggests that animals
gestated on short photoperiods are more sensitive to infused Mel than animals gestated on long
photoperiods, in the absence of endogenous pineal Mel production. Animals which were
gestated on a particular photoperiod appear to "remember" that photoperiod (via their
circadian system) and use that information in conjunction with "ambient" environmental
information in regulating the rate of body weight gain development during a period when they
are capable of responding (day 15 + of life; 29). Our data do not support those of Carter and
Goldman (8, 9), who reported that in pinealectomized animals gestated on long days and
transferred to short days at birth, a 100-fold increase (3.3 to 330 ng/hr) in the dose of Mel
infused over a 4-h period had no effect on the animals’ stimulatory response to infusion of this
duration and time of administration each day. Our experiments, on the other hand, showed:
First, only Mel infusions administered at 1700-2100 hours (Fig. 4, Fig. 6) effectively inhibited
body weight development between days 15 and 45 of life, while infusions at 2000-2400 or
2400-0400 hours effectively stimulated body weight gain. Second, the effective dose of Mel
required to inhibit body weight development appears to be photoperiod dependent; in animals
gestated on long days (16L) the effective dose was 50 ng/h while in animals gestated on short
days (10L) the effective dose was 12.5 ng/hr.
The results obtained from experiments utilizing twice daily Mel infusions are also surprising
(Fig. 8). Except the first (1500-1900//2100-0100) in each infusion group, the body weight
gain of long-day-born and raised pinealectomized hamsters is statistically different from that of
each respective control group (Fig. 8). The degree of suppression is the same in animals infused
at 1600-2000//2200-0200 hours and at 1700-2100//2300-0300 hours. Goldman and
colleagues (13) previously demonstrated that in pinealectomized juvenile Siberian hamsters on
16L, two infusions of 5 h separated by an interval of 2 h failed to inhibit testicular development
and body weight increase. They concluded that the continuity of a 10-h Mel infusion is
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important for eliciting short-day-type responses, even when the total dose of Mel and duration
of infusion are the same; i.e., 10 h infusion vs. 5 h infusion-2 h no infusion-5 h infusion. An
intermediate inhibition of testicular development was observed with a 1-h interruption (i.e., 31-6), which they attributed to Mel not being cleared from the circulation during this short
interval, thus providing an 10 h infusion with a 1 h depression of hormone (not absence) during
the hour of no infusion. They concluded that the Mel signal reception system requires at least
8 h of continuous Mel stimulation to inhibit testicular and body weight development in juvenile
Siberian hamsters. Similar results were obtained in pinealectomized adult Syrian hamsters; two
signals of 5 h separated by an interval of 4 h in 16L failed to result in testicular regression while
animals receiving Mel for 14 continuous h/day experienced marked regression (30). However,
when Pitrosky et al. (31) used pinealectomized adult Syrian hamsters to infuse Mel in two
blocks of 2 h 30 min each separated by 3 h of no Mel infusions, animals responded with gonadal
atrophy in a short photoperiod (10L; lights on at 0700 hours). They concluded that the first
infusion signal entrains the rhythm of Mel sensitivity of target tissue(s), and gonadal atrophy is
obtained because the second signal coincides temporally with this sensitive period. A similar
explanation put has been forward to account for the result of single injections (14-16) of Mel
in intact adult male hamsters of 3 different species and of twice daily injections of Mel (17) in
pinealectomized adult male Syrian hamsters. In our results, it is difficult to explain why the first
infusion pattern (1500-1900//2100-0100 hours) failed to inhibit body weight gain to the
extent attained by the other two infusion patterns (Fig. 8). The first infusion period in the latter
two groups ends just before or after the time point of Mel sensitivity (2000-2100 hours).
Therefore, the animals in these groups may be exposed to sufficient Mel during the sensitive
period (2000-2100 hours) to induce a complete inhibition of body weight development, while
in the animals of the first group, residual Mel levels may be significantly reduced to the point
of producing a far less potent or non-potent inhibition. On the other hand, one might argue
that a twice 4 h Mel schedule might act as an 8 h schedule and thereby inhibit body weight
development. Considering that the exogenous Mel clearance rate from the circulation of Syrian
hamsters indicates that Mel is cleared within 1 hr once the infusion is finished (32), the heavier
body weight of 1500-1900//2100-0100 hr group is best described as a result of the amount
of Mel coincident with the period of Mel target sensitivity. In order to define the importance of
the second infusion signal, one must design experiments in which the signals are provided at
times other the than employed here, e.g. in the light phase.
Although our results are in good agreement with other experiments in which injection of
Mel caused inhibition of body gain, gonadal development and atrophy of adult gonads (12),
clarification of the precise mechanism(s) by which short duration (1-h) and in some cases 4-h
Mel infusions inhibit body weight gain in juvenile Siberian hamsters will require further study.
Identification of the specific Mel target tissue for each response is of paramount importance.
For example, some possible explanations relate to the direct or indirect actions of Mel on its
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receptors at the level of the pars tuberalis (33) and/or GnRH neurons, which control the
gonadal hormone concentration. Testosterone, a gonadal hormone and body fat are related to
the body weight response. The absence of testosterone and the loss of fat (in short
photoperiods) result in decreased body weight. Thus, one-hour infused Mel at a time when the
body weight gain inhibition occurs (2000-2100 hours) might be involved in regulating both the
gonad-dependent and/or gonad-independent components via GnRH activation and body fat
regulation.
In conclusion, the present experiments support the hypothesis that, in juvenile Siberian
hamsters, changes in the endogenous pattern of Mel production mediate changes in physiology
and morphology associated with alterations in the ambient photoperiod. A daily 1-h Mel
infusion is highly effective in regulating the body weight responses of juvenile Siberian
hamsters. Although the neuroendocrine mechanism is not clear for the effect of Mel in
transferring the short day signal to the hormonal system, it seems possible that Mel may
function differently in several aspects of the body weight development process.
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